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INTRODUCTION
Rice wine (RW), which generally made by rice, millet, corn and wheat, is one of the three ancient wines in the World. In addition to glucose in RW, there are isomaltoses, oligosaccharides, isomaltotraose, isomaltooligosaccharides and other low molecular sugars, so RW tastes sweet and is easily absorbed by the body (S. Chen & Xu, 2014 ; Shen, Yang, Ying, Li, Zheng, & Jiang, 2012). The organic acids in the RW are not only helpful for digestion, but also have the effect of promoting appetite . RW appeals to a lot of consumers because of its low consumption of raw ma-terial, low alcohol content, high nutrition, and occupies a dominant position in rice wine production, consumption and export . Nevertheless, to get high profits, some enterprises use illegal means, such as overinvoicing wine ages, origin and adulteration, which not only seriously violates consumer rights and disrupts the market order, but severely damages the brand reputation of rice wine.
The traditional method generally uses the sensory evaluation to identify the quality of RW, and is susceptible to experimental errors. Hence, high performance liquid chromatography (Beltrán, DuarteMermoud, Bustos, Salah, Loyola, Peña-Neira, et al., 2006), UV-visible spectra (Sen & Tokatli, 2016) , gas chromatography and mass spectrometry (Kruzlicova, Mocak, Balla, Petka, Farkova, & Havel, 2009) techniques have been used to analyze the differences in flavor composition of RW from different origins and wine ages for obtaining more objective results by researchers. Although HPLC and GC-MS can improve results, these methods involve tedious preprocesses, are time-consuming or require well-trained personnel, and specially cannot acquire a full chemical and sensory attribute "image" of the target. A rapid, objective and holistic method to identify and discriminate RW origins and ages is still lacking. Wang, Yang, et al., 2013) . If the samples only showing tiny differences in FT-IR and SD-IR, two dimensional correlation spectroscopy (2DCOS-IR) can be employed to unfold FT-IR spectra on a second dimension to acquire a far improved spectral resolution and to obtain more chemical structural information (Mandak, Zhu, Godany, & Nyström, 2013) . As a holistic analytical method, Tri-step infrared spectroscopy including FT-IR, SD-IR and 2DCOS-IR can achieved accurate analysis and identification of RW by identifying the overall chemical components. Principle component analysis (PCA) is an unsupervised clustering analytical method. According to (Jiao, Yang, & Chang, 2009; Oja, 1997) , PCA as an essential technique in data compression and feature extraction, it provides a way of reducing the number of input variables entering some data processing system so that a maximal amount is retained in the mean square error sense. In addition, PCA shows the most significant features of data using calculated values. Eigenvalue for each cluster shows the most efficient can be used for separating the clusters from each other in every step. . This device mimics the human senses of odor and taste. Furthermore, it enables the gathering of massive information on the analyzed solution, including analytical properties and sensory data that can be linked through suitable chemometric methods such as multivariate calibration methods. At present, the E-tongue has gotten application in green tea (Q. Chen, Zhao, Guo, & Wang, 2010), beer, coffee, milk, and wines (Vitae, Vitae, & Vitae, 2015) .
The aim of this present study was to establish a rapid quality inspection and identification technology of RW based on multidimensional spectral analysis technique (Fourier transform infrared spectroscopy integrated with second derivative infrared spectroscopy and two-dimensional correlation infrared spectroscopy) combined with electronic sensory evaluation technology.
Materials and methods

Apparatus
Thermo Scientific Nicolet Is-5 FT-IR, equipped with single-point ATR, in 400-4000 cm -1 range with a resolution of 4 cm -1 . Spectra were recorded at 16 scans.
The interferences of H 2 O and CO 2 were subtracted when scanning. Alpha MOS IRIS VA300 computer vision technology (E-tongues) as an electronic sensory instrument was used.
The volatile compounds of RW were detected by HS-SPME-GC-MS. Squid sample (4.5 ul) and 4 μL 2-octanol in a glass vial were heated at 60˚C for 15 min, furthermore, the volatile compounds were absorbed by SPME for 30 min at 60˚C and then injected into the GC-MS. The GC and MS parameters were: column, DB-5MS (60 m×0.32 mm×0.25 μm); carrier gas, helium (99.999%); flow rate, 1.0 mL/min; detector interface temperature, 210˚C; ion source temperature, 200˚C; ionisation energy, 70 eV. Specially, the oven temperature was programmed from 50˚C to 70˚C at 4 ˚C /min, then from 70˚C to 150˚C at 6℃ /min, finally to 210˚C at 3˚C /min and held for 3 min.
Materials
Total samples of different kinds of rice wine were collected from Shanghai Food and Drug Administration, as shown in Table 1 , including Hejiu silvery rice wine with three years fermentation (S-1), Hejiu golden rice wine with five years fermentation (S-2), Hejiu rice wine with five years fermentation (S-3), Hejiu jinsenianhua rice wine with five years fermentation (S-4), Shikumen boutique rice wine with five years fermentation (S-5), Shikumen ordinary rice wine with five years fermentation (S-6), Guyuelongshang base wine with five years fermentation (S-7), Guyuelongshan golden rice wine with five years fermentation (S-8), Guyuelongshan rice wine with three years fermentation (S-9). 
Acquisition of IR spectra
The FT-IR spectra of RW were collected at room temperature by single-point ATR. The raw FT-IR data was processed with Omnic spectrum software (Version 9.2.1) from Thermo FT-IR spectrometer. All the second derivative IR spectra were carried out after 13-point smoothing of the original IR spectra.
To obtain 2DCOS-IR, the prepared samples were put into ATR accessory, connected with the temperature controller, the temperature range was from 45℃ to 90℃ with an increasing rate of 2℃/min and dynamic original spectra at different temperatures were collected every 5℃ and then processed by SpectraCorr software to obtain 2DCOS-IR spectra.
Acquisition of electronic tongue data
The samples used for electronic tongue and were analyzed by AlphaSoft data processing software. The instrument included a detector unit, reference electrode, electrical signal processor and a pattern recognition software that were used to record and analyze data. The detector unit contained 7 chemical sensor arrays (SRS, GPS, STS, UMS, SPS, SWS and BRS). Before the samples were tested, the electronic tongue must be activated, calibrated and diagnosed. Each sample was repeated 7 times, and the last three results of signal stability were analyzed.
Results and discussion
IR spectra of Chinese rice wine
Since RW is a complex system, its IR spectrum (Figure 1(a) ) represents an integrally overlapped absorption of all components in the range of 700-4000 cm -1 . The major components of RW are water and alcohol, hence IR spectra of all RW are too similar to tell. To present the differences more distinctly, we analyzed the SD-IR spectra in the range of 1500-900 cm -1 Figure 1 . IR spectr a of (a) IR spectr a of all samples (b) Second der ivative IR spectr a of the same or igin and different wine ages (c) Second derivative IR spectra of the same wine ages and different origins
Second derivative IR spectra of RW of different age and origins
Generally, the second derivative IR spectra (SD-IR) significantly enhance the apparent resolution and amplified even tiny differences in ordinary IR spectra. Hence, Second derivative infrared spectroscopy was applied to analyze further the subtle differences in the absorption peaks of RW that with different origin and wine ages.
In (Figure 1(b Wine samples with the same wine age and different origins have significant differences (Figure 1 (c) and . In 1500-1300 cm -1 , Shaoxing rice wine contains more complex compounds and more peaks (S-7, 8) than Shanghai rice wine (S-4,2) the reason being that the temperature and environmental factors during fermentation affect the reaction among the compounds in the rice wine, resulting in different compound species and concentrations. 
2DCOS-IR spectra of RW of different origins and age
2DCOS-IR spectrum can obviously enhances the resolution of spectrum and get some useful information of molecular structure and interactions of functional groups within and between molecules (C.-H. Xu, Sun, Guo, Zhou, Tao, & Noda, 2006). In order to differentiate the rice wine more remarkably and convincingly, 2DCOS-IR synchronous spectroscopy was used in the wavenumber range of 1700-1100 cm -1
. The auto-peaks on the diagonal line in synchronous IR spectrum show the susceptibility and self-correlativity of certain absorption bands, which cause the change of spectral intensity with thermal treatment. While the crosspeaks at the off-diagonal locations display the relativity of intensity variations of a pair of group vibrations corresponding to their frequencies. Positive correlation (red/green area) in 2DCOS-IR spectra indicates that a group of absorption bands change simultaneously (either stronger or weaker), while negative correlation (blue area) is just the opposite (namely, an enhanced and another weaker) (J. Therefore, the eight species of rice wines from different origins and wine ages have individual fingerprints in the range of 1700-1100 cm -1 , which can be used as an exclusive range for verifying each other.
Shanghai and Shaoxing contain seven and three unique chemical substances (Table 3) , respectively, revealed by SPME-GC-MS. The numbers and shape of absorption peaks contributed by aldehydes, esters alcohols and alkanes have obvious differences among rice wines with different origins [ (Figure 1(c) and Figure 2(Ⅱ) ]. Therefore, IR spectra and GC-MS can be a mutual authentication of chemical substance, and crosscheck that different origins have individual characteristics. 
Note: u, str etching mode; s, symmetr ic; as, asymmetr ic; δ, bending mode
Principal component analysis (PCA) of RW of different origins and age
In order to establish an objective and accurately classify a model for all rice wines, 140 parallel samples ( Figure 3) were analyzed and the range of 1700-1050 cm -1 was selected for principal component analysis (PCA) (PerkinElmer, UK). Thirty five parallel samples (5 S-2, 5 S-3, 5 S-4, 5 S-6, 5 S-7, 5 S-8, 5 S-9) as unknown samples (US) were analyzed with the purpose of verifying the reliability of the model. The parameters for establishing a rice wine classification model were summarized in Table 4 .
The rice wine from different origins and wine ages were completely separated ( Figure 4 ) and indicated different rice wines have their own characteristics in compounds type and content. Peaks of lipids, protein (CH 3 ) and ethanol (C-O) make dominating contributions to the PC1 score plot. Peaks of ethanol (C-O) make dominating contributions to the PC2 score plot (Figure 4 ). Because different origins and wine ages have great differences, all of the rice wines can be successfully recognized by established IR-PCA model with the help of these factors. The above results demonstrated that RW can be classified successfully applying IR combined with PCA, and this model could be used to distinguish the unknown rice wine. Figure 2 . 2DCOS-IR synchronous spectra of (I) same origin and different wine ages (Ⅱ) same wines ages and different origins 
Modeling and analysis of electronic tongue
Nowadays, electronic tongue system have to be a powerful tool for detecting various complex liquids (Eckert, Pein, Reimann, & Breitkreutz, 2013) . A signal obtained by chemical sensors is processed with multivariate data analysis systems that permit quantitative and qualitative results by analyzing samples (Kirsanov & Babain, 2014) .
Principal component analysis (PCA), is a combination of many of the original uncorrelated indicators with a certain set of new independent indicators to replace the original indicators. To make full use of the sample information contained in the data, the complex multidimensional data is usually dimensioned down. At the same time, the results are shown by scatter plot and a discriminatory effect of samples is revealed by PC1, PC2 of influencing the sample quality. To support the PCA results, DFA was used to discriminate RW.
The rice wine samples were analyzed by using principal component analysis (PCA) in order to distinguish their origins and wine ages ( Figure 5 ). The PCA discrimination index is 98, 95, 96 and 96 respectively, indicating different rice wines were successfully differentiated. As shown in Figure 5 , the main differences focus on the horizontal axis where there are notable cluster tends for the rice wine. To verify the PCA results, DFA was used to discriminate rice wines ( Figure 5 ). The results, based on DFA methodology is presented in Figure 5 . The values of 97.09%, 89.59%, 54.33%, 82.36%, are data variance explained by the horizontal axis and 2.911%, 10.413%, 43.487%, 16.682% data variance captured by the vertical axis, respectively. The cluster, based on DFA is in accordance with the result of PCA.
Parameters Values
Analysis range 1700-1050cm
Scaling(spectra) Mean
Smooth None
Baseline correction None Normalization SNV de-trending 
SIFT DESK
CONCLUSION
The rice wine from different origins and wine ages, have been quickly and effectively distinguished by the Tri-step infrared spectroscopy combined with electronic sensory evaluation analysis. In IR spectra, the significant absorption bands attributed to ethanol and protein in rice wine are the main differences. With applying second derivative infrared spectroscopy, the resolution of the differences was enhanced to reveal small differences. Different peak positions, intensities and shapes in the range of 1700-1000 cm - It has been demonstrated that the Tri-step infrared spectroscopy combined with electronic sensory evaluation analysis could be a scientific and powerful tool for rapid chemotaxonomic discrimination of rice wines in a holistic manner. Furthermore, linking between chemical components and electronic sensory will help to enhance the quality control, improve production process, and promoting the rational and healthy development of Rice wine industry. SD-IR, Second der ivative infr ar ed spectr oscopy; 2DCOS-IR, Two dimensional cor r elation spectr oscopy; SPME-GC-MS, Solid-Phase Microextraction-Gas Chromatography-Mass Spectrometer.
